Value-for-money is a widely used criterion to locate "best-buys" in a market of competitive products or services. The term "value" represents a composite measure of what a consumer gets from a product or service, while the term "money" is what the consumer pays for it. In the absence of individual preferences, the problem of identifying best-buys by the value-for-money criterion can be formulated as an imprecise DEA model with a single input (price) and multiple outputs (indices and performance estimates). In accordance with the DEA terminology, efficient units (products or services) are those that worth their price. As the price of a particular product can vary from dealer to dealer or due to different discount policies, it is usually known to lie within a bounded interval, between the lowest and the highest price recorded in the market. On the other hand, product outputs may be measured either by exact values or bounded intervals (overall evaluation judgments made by different experts, for example) or ordinal variables (product ratings obtained by experts or surveys). In this paper we use the imprecise DEA model to classify prepaid mobile telephony packages in the Greek market by the valuefor-money criterion.
Introduction
As the competition in markets is increasing in intensity, both consumers and marketers need to have access to product comparative tests and obtain technical and performance information for the products of their interest. For that reason, international organizations, consumer unions and specialized magazines attempt to compare products along different dimensions by defining benchmarks and by rating product characteristics and performance. Among various performance indicators used in such product comparative tests, value-for-money is a widely used advisory criterion (c.f. Gigard et al. [7] ), providing information about the products that worth their price, i.e. the products that offer great value in relation to their price. The term "value" represents a composite measure of what the user gets from a product or service, while the term "money" is for what the user pays for it. Although consumers usually have different appreciation for the value of a specific product according to their personality, values, particular needs and their experience gained by using similar products, estimating a measure of the value of the product, independently of the consumers' individual preferences, provides useful information for marketing decisions. Following this line, a number of stochastic and mathematical programming methods have been proposed to measure the product performance along quantitative and qualitative dimensions (Lilien et . al [8] ). Relative to our approach, introduced in this paper, is the work of Doyle and Green [6] who applied the data envelopment analysis (DEA) model to measure the relative performance of products along with their price.
DEA (see Charnes et al. [1] and Cooper et al. [3] ) is a linear programming technique for measuring the relative efficiency (performance) of homogeneous organizational units (decision making units-DMUs) that consume incommensurable multiple inputs and produce multiple outputs. The efficiency is measured in a bounded ratio scale by the fraction 'sum of weighted outputs' to 'sum of weighted inputs'. The inputs and outputs are assumed to be continuous positive variables and the weights are estimated in favor of each evaluated unit to maximize its efficiency. DEA has been successfully applied in many fields for measuring the performance of a variety of DMUs, such as bank branches, manufacturing and electric power plants, educational programs, hospitals and public services. Likening competitive products or services to decisionmaking units, the price of the product can be considered as an input, while the positive characteristics of the product can be seen as outputs. In such a single input -multiple outputs data setting and in the absence of individual preferences, DEA can give answers in terms of relative efficiency by revealing the efficient units, that is the products or services that worth their price.
Typically, the performance of the products is measured against specific benchmarks that are selected in a manner to reflect a representative view of a typical consumer and are expressed on numerical scales with exact values. The commitment, however, of exact cardinal data is somewhat restrictive and not realistic. For example, as the price of a particular product can vary from dealer to dealer or due to different discount policies, it is usually known to lie within a bounded interval, between the lowest and the highest price recorded in the market. On the other hand, product outputs may be measured either by exact values or bounded intervals (overall evaluation judgments made by different experts, for example) or ordinal variables (product ratings obtained by experts or surveys). Therefore, in such decision situations, exact data are unrealistic and imprecise data should be used instead. The term "imprecise data" reflects the situation where some of the input and output data are only known to lie within bounded intervals (interval numbers) while other data are known only up to an order.
In this paper we deal with the problem of detecting "best-buys" in the market of prepaid mobile telephony (PMT packages) in Greece by means of the value-for-money criterion. We formulate the problem as a data envelopment analysis problem with imprecise data and we solve it by using the models introduced by Despotis and Smirlis [5] as an alternative to IDEA of Cooper et al. [4] . Section 2 is devoted to the DEA modelling of the decision situation concerning the Greek market of prepaid mobile telephony services. In section 3 we present the imprecise DEA models that we use for analysing the data. The results are given in section 4. Finally, some concluding remarks are given in Section 5.
Modeling the assessment of PMT packages in Greece
Prepaid mobile telephony (PMT) is characterized by the absence of contracts, fixed costs and monthly bills. The consumer pays once for a PMT package that is composed of a mobile handset, a SIM card that connects the subscriber to a particular service provider's cellular network and a specific free of charge calling time worth (airtime). Recharge cards are used to keep up the subscription. PMT is mainly targeted to non-demanding consumer groups (housekeepers and students for instance). PMT shows a significant contribution in the rapid spread of mobile telephony in all over the world.
PMT packages differentiate on four factors: the purchase price, the startup free of charge air-time provided, the service provider (SP) and the handset. The PMT package that differentiates in at least one of the latter three factors is considered as a distinct case in our study. A number of 42 such cases (PMT packages) were identified in the Greek market during our study period (September 2000). The differentiating factors are analyzed and elaborated in the following.
Price:
The purchase price of a particular PMT package varies in different point of sales due to different promotion and discount policies of the retailers. The lowest and the highest price in Greek Drachmas (GRD) recorded in the market for each PMT package, are used to formulate the factor in an interval form.
Startup air-time:
The initial free of charge calling time provided with the PMT package is given in worth and varies between GRD 1000, 6000, 10000 and 12000. The consumption rate however of this amount depends not only on the rate of use but also on the particular tariff plans. Some service providers offer flat charges with no peak hours, some others base their charges on time zones. To incorporate this differentiation in our model, independently of the rate of use, we calculate the maximum and the minimum calling time provided (in seconds) by dividing the startup time worth by the lowest and the highest rate respectively within the day. In that manner we get an interval number (in case of variable charges) or an exact number (in case of flat charges).
Service provider (SP):
Mobile telephony is one of the fastest developing sectors in respectively. We characterize the SPs activated in Greece by three factors (see Table 1 below for the SPs records 2 ): The coverage (considered both in terms of population and in terms of terrestrial areas and territorial waters), the voice services and the data services provided in PMT as percentages of the international standards 3 . On the basis of the above factors, the three SPs are rated as shown in Table 1 respectively. The superiority of SP-1 is obvious and expected as, we recall, it dominates the other SPs on all the performance indicators. As concerns the other two SPs, the small difference in their composite performance index cannot support a discrimination of SP-2 and SP-3 in two different ranks. Thus, we rate them with the same rank. The above optimization process validates the empirical rating of the three SPs given in Table 1 .
INSERT TABLE 1 ABOUT HERE
Handset: In our study period, 29 different handsets were counted in the PMT market. Each handset is evaluated on four attributes that best reflect the value conceived by a typical consumer: portability, battery capacity, technology and features. Portability is measured by the weight and the dimensions of the handset. Battery capacity is measured by the waiting time in hours and the calling time in minutes. Performing cluster analysis for each one of the above attributes, the handsets are classified in three groups and are assigned ordinal scores according to their class (see Table 2 for the classification and the number of handsets in each group). As concerns the technology and the handset features, the handsets are empirically classified in four and three groups respectively, as shown in Table 2 .
INSERT TABLE 2 ABOUT HERE
Considering each attribute individually, we get four distinct rankings of the handsets. To obtain a single ranking across all the attributes, we use the aggregation procedure of Cook and Kress [2] .
To model the value-for-money criterion in terms of relative efficiency we consider the PMT packages as DMUs in a DEA context. We define the price as a single input and the startup air-time, the service provider and the handset as outputs. Table 3 below summarizes the inputs and outputs considered for the DEA model together with their data type.
INSERT (weights for outputs and inputs respectively), the level of inputs x ij and outputs y rj are also variables whose exact values are to be estimated.
Treatment of the interval data
Applying the following variable transformations: The DEA model (3) below deals with both cardinal (exact and/or interval) and ordinal data and provides the efficiency of the evaluated unit in an imprecise data setting. 
Treatment of the ordinal data
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Classification of the units
In an imprecise data setting, many units are likely to be proved efficient, as apart from the flexibility they have in choosing the weights, they are also free to adjust the level of inputs and outputs in a favourable manner within the intervals. Thus, further discrimination of the efficient units becomes more essential in an imprecise data setting.
On the basis of the above efficiency scores intervals, the units can be classified in three classes as follows:
where J stands for the index set {1,…, n}of the units. The set E ++ consists of the units that are efficient in any case (any combination of input/output levels). The set E + consists of units that are efficient in a maximal sense, but there are input/output adjustments under which they cannot maintain their efficiency. Finally, the set E -consists of the definitely inefficient units. Moreover, the range of the possible efficiency scores can be used to rank further the units in the set E + .
Results
Applying the imprecise DEA models to the PMT data set given in the first seven columns of Table 4 , we get the efficiency assessments and the classification of the PMT packages presented in the last three columns of the same table.
INSERT TABLE 4 ABOUT HERE
From the results in Table 4 we can draw valuable information. Only P05, P12, P22, P33, P36 and P38 PMT packages (those in class E ++ ) can be undoubtedly considered as "bestbuys", offering great value at their price. They are proved efficient independently of the input-output adjustments of the competition. It is noticeable that P36, although it is one of the most expensive PMT packages, is rated in the class E ++ . This is due to its high performance handset, which is actually rated as the best in the market. For PMT packages P33 and P38, it is their low price that raises them to class E ++ , prevailing the poor performance of the handsets. Focussing on the PMT packages of class E ++ and particularly on those with varying prices (for example P05 and P36), one can easily derive that there is no practical benefit gained by selling those packages at a price lower than the highest price recorded among the different points of sale.
The lower bound efficiency score (h L ) can be used to discriminate further among the PMT packages of class E + (in decreasing order of h L ). In this manner we obtain the following order: P02, P07, P34, P37, P41.
The value-for-money assessment revealed a relative big number (31 out of 42) of inexpedient buys (class E -). For them, the conclusion is strong: even in their most favourable evaluation, they have not achieved to join the group of "best buys". To raise these PMT packages up in the class E ++ , their price and/or the start-up airtime should be reconsidered, as the provider and the handset remain practically unchanged. In Despotis and Smirlis [5] , post-DEA analysis models are given to estimate the price and air-time thresholds that turn the inefficient PMT packages into efficient ones within the given competition. Using these models, one can see, for example, that the inefficient PMT package P31 becomes efficient if its price is decreased from GRD 43500 (actual value) to GRD 40125, keeping the rest of its components unchanged.
Conclusion
In this paper we presented an application of imprecise DEA to detect the "best buys" in the Greek PMT market. The use of imprecise data constitutes an improved and more realistic approach that can be easily transferred to other product categories as well.
The detection of the "best-buys" between the competitive products was independent of the consumer preferences so this distinction cannot be regarded as a direct buying proposal to the consumers which base their decisions on personal perceptions and values.
The accomplished classification of the products according to the "value-formoney" criterion may give important information to support marketing decisions. It may unveil products with competitive prices and very good technical characteristics but not sufficiently advertised and with inadequate penetration in the market. Moreover, products considered as big brand names may be proved inefficient due to actual poor performance.
For the new products, this analysis may reveal their competitors and give an indication for their position in the market. For the products found to be definitely not "best-buys", the marketing may lead to decisions for improving product characteristics such as their price, the air-time and the handset. 
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